Introduction -the setting (1)
Until recently, the Scandinavian North Sea sector was not seen as a relevant area for maritime archaeological investigations of Stone Age remains. Despite the recovery of tree stumps and a range of Mesolithic artefacts 1 , erosion and redeposition of sediment in this 1 Fischer A. Submerged Stone Age -Danish examples and North Sea potential // Submarine prehistoric archaeology of the North Sea. Research priorities and collaboration with industry. CBA Research Report 141. English Heritage/Council for British Archaeology. 2004. P. 23-36; Koijmans L. Mesolithic Bone and Antler Implements from the North Sea and from the Netherlands // Berichten van de Rijksdienst voor het Oudheidkundig Bodemonderzoek. Jaargang 20-21. 1971. P. 27-73; Reid C. Submerged Forest. Cambridge, 1913. dynamic environment were thought to have effectively erased any cultural deposits, leaving only heavily abraded artefacts as remnants of former cultural contexts 2 .
An increasing general focus on submerged Stone Age archaeology, inspired to some degree by significant industrial development of off-shore technology, has recently prompted a systematic appraisal of the potential for locating and investigating submerged Stone Age sites from glacial periods when the sea level was significantly lower than it is today. It is a well-established fact that significant parts of the continental shelf were inhabited during various Stone Age epochs. As far as the English Channel is concerned, for instance, a settlement on land now partly located below present sea level has recently been shown to date back almost a million years in Happisburgh in eastern England 3 .
1.a. The environmental setting
A central problem relating to the understanding of Stone Age settlement during prehistoric glacial periods is that a rather primitive form of modelling has generally been applied to environmental-cultural interactions in archaeological studies. The edges of prehistoric ice sheets have been perceived as simple walls of ice that blocked human access to 'glaciated' areas covering northern land surfaces 4 . Very little attention has been paid to the importance of land/sea interfaces, including the quite common broad ice-free corridors running between the 'outer coast' and the 'inland ice margin' , as recognised in modern glaciology 5 . Fig. 1 . The permanent ice sheet on Greenland consists of a number of glaciers flowing from the interior out towards the coast. In some areas these glaciers reach fjords where they break up to form icebergs. In other areas the ice melts or evaporates before it reaches the coast. The outer coast does not have permanent ice cover [Weidick, 1995] Mackintosh A., Colledge N., Domack E., Dunbar R., Leventer A., White D., Pollard D., DeConto R., Fink D., Zwartz D., Gore D., Lavoie C. Retreat of the Antarctic ice sheet during the last glacial termination // Nature Geoscience. Vol. 4. 2011, March. P. 195-202; ., Andersson L. Shore-level displacement in Fennoscandia calculated from empirical data // GFF. Vol. 127 (2005) . P. 253-268; Weidick A., Bennike O. Quaternary glaciation history and glaciology of Jakobshavn Isbrae and the Disko Bugt region, West Greenland: a review. Copenhagen, 2007. P. 12, 48-49. There are numerous past and present examples of glaciated areas with ice-free outer coasts, such as modern Greenland (Fig. 1 ) and the Antarctic during the Last Glacial Maximum, as well as several other similar prehistoric situations 6 . In other cases, the ice sheet extends or extended beyond the coastline and into the sea as shelf ice 7 .
A complex set of factors controls the configuration of glacial coasts: precipitation, melting of and evaporation from the ice sheet, altitude of the snow line, rate of growth of the ice sheet, sea temperature, presence/absence of permanent sea ice and so on 8 . Permanent sea ice will, due to its insulating effect, reduce the impact of the relatively warm seawater (warmer than c. -1.8 °C) on a land-based ice sheet and deflect the sun's rays more efficiently than open water, thereby reducing the sun's heating effect on the sea 9 . The potential for formation of permanent sea ice will depend on a series of factors, such as the depth and bathymetry of the seabed, currents, wind conditions, etc. 10 Recent reconstructions of the Weichselian landscape show extensive ice-free coastal and inland zones for the Scandinavian North Sea margin which, in the southernmost zone, persist throughout the entire glaciation. The Norwegian coast may have been ice-covered through most of the later Weichselian, but its ice/land/sea configuration during this period is difficult to reconstruct in detail 11 .
In addition to abandoning simplistic ideas about the principles of interaction between human cultures and prehistoric glacial landscapes, we must also accept the existence of greater climatic and environmental complexity and dynamics during these glacial periods. The Greenland ice cores (DYE-3, GRIP, GISP2, NGRIP and NEEM) have revolutionised our ideas of climate dynamics 12 . Given the early date demonstrated for Happisburgh 13 , we should be aware of the possible existence in northern Europe of submerged sites during the glacial periods, with their low sea levels and relatively high coastal temperatures, as far back as a million years ago.
A further important argument for the existence of deep coastal Stone Age sites is that, apart from tropical rainforests, shallow marine coasts represent the most productive biotope in existence 14 , and they are therefore especially attractive to humans.
1.b. Cultural factors
Based on studies of the historical territorial development of Australian hunter-gatherer groups, Peter Sutton suggests that the more successful of these groups managed, over time, to extend and move their territories out to the highly productive seashore 15 . Information about very successful coastal hunter-gatherer groups, such as the Northwest Coast Indians, the coastal Nivkh/Gilyak of the Amur River estuary and the Ainu of Sakhalin and Hokkaido, also seems to support the general idea that highly productive marine coasts 16 hold a particular attraction for humans and represent a special potential for human cultural development 17 . A growing understanding of the importance of coastal resources in the Palaeolithic, including the Late Palaeolithic of northern Europe, is reflected in the more recent literature 18 .
Territorial manoeuvring over time at clan level, or direct migration, either locally or over greater distances, are both well-known phenomena in hunter-gatherer societies 19 . This introduces the interesting possibility that deeper submerged coastlines may have been densely populated by cultural groups that differed markedly from those we can observe in today's terrestrial situations.
The author has had the opportunity to study the Siberian Evenk and has recorded a rather high level of curiosity-driven long-distance travel by them. This concurs with Parry's observations of the Inuit living in the Melville Peninsula area 20 . Long-distance pre-contact trading expeditions to areas more than a thousand kilometres from their homes appear to have been a well-known phenomenon among the Indians of the Canadian Plains as well as those of the North American Southwest. Travel and related exchange activities must be seen as something in which hunter-gatherers liked to engage 21 .
Whereas the southernmost parts of the Scandinavian North Sea coastal areas and their hinterlands were apparently without ice cover throughout the entire Weichselian glaciation, and the Danish North Sea zone was only partly glaciated during the relatively short Late Glacial Maximum, it is possible that larger parts of the Norwegian North Sea coast were glaciated even though there were most probably significant ice-free refugia 22 . This does not imply, however, that it would have been a problem for humans to move around and subsist here. With an ice sheet extending all the way to the sea, there should be a good basis for solid sea ice in winter, which is traditionally the travelling season in northern coastal areas. 'The Sea Ice is Our Highway' is for instance the title of a contribution to the Arctic Marine Shipping Assessment from the Inuit Circumpolar Council of Canada (2008) . The Inuit have demonstrated that a winter economy based on fishing and hunting through and on sea ice can be quite an attractive option 23 .
On the other hand, if there was a generally unglaciated land/sea interface, transportation along the North Sea Coast without boats would also be an obvious possibility. The presence or absence of people along the Scandinavian North Sea coast seems therefore mainly to have been a question of the nature of the available resources.
Evidence for a mammoth fauna at the ice/land/sea interface in the Scandinavian North Sea sector during the Weichselian glaciation
The huge quantities of faunal remains trawled up by Dutch fishermen from the North Sea, including the Danish North Sea sector, show that an actual mammoth fauna existed here for extensive periods during the second half of the Weichselian glaciation 24 . In turn, this demonstrates the existence here of extensive and highly productive ice-free coastal landscapes. Regardless of the debate about the type of vegetation upon which the mammoth fauna depended, and also helped to maintain, there is no doubt that the existence of extensive open landscapes was a precondition for their presence in this area 25 . Fig. 2 . Sketch maps showing the distribution of land, sea and ice during three phases of the last glaciation (the Weichselian -117 ky -11.6 ky BP). Right: Ice sheets shown as white areas. Left: Ice sheets shown as transparent areas with white outlines to give a better impression of the present-day areas they covered. Water: blue; land today: dark grey; additional land during the different phases: light grey. Top: 15 ky BP. Middle: Last Glacial Maximum -LGM -18 ky BP. Bottom: OIS-3 warm phase 37 ky BP. Based on [Barron et al., 2003; Clark et al., 2012; Sejrup et al., 2000; Sejrup et al., 2003; and Svendsen et al., 2004] Mammoth remains have been recovered from the Dutch and British North Sea sectors for the past 150 years and are heavily represented in Dutch natural history museums 26 (Fig. 3) . Over a period of about 40 years, enormous quantities of palaeontological remains, including bones of mammoth, deer, woolly rhinoceros, wolf, bear, musk-ox, sabre-toothed tiger and other species, were recovered from the sea by Dutch fishermen using beam trawls. This is a type of trawl that, until the technology was recently improved, scraped through the upper 30-40 cm of the seabed with a heavy metal chain. The consumers of this by-catch were palaeontological collectors around the world. The material was sorted into categories for sale, which is legally permitted, as the material was allegedly found outside the territorial limit of 24 nautical miles 27 . There was a requirement to report bone artefacts to the archaeological authorities, and this rule was complied with. A qualified estimate is that, during this 40-year-period, about 10-20 tonnes of diverse palaeontological remains were landed each year by trawlers at the various ports.
The items acquired by palaeontological collectors have, in some cases, been analysed and presented in scientific publications 28 , while bones that were sold commercially have probably not been recorded or published. Most of the faunal remains have been found across a wide area straddling the Dutch-UK maritime boundary in the central-southern part of the North Sea, although some have been recovered further north in the UK, German and Danish sectors.
Radiocarbon dates have been published for several items, with an apparent focus on material from the Brown Bank. The time interval indicated by the 13 dates for mammoth, two for musk-ox and one each for giant deer and hyena, is 45-34 ky BP. The nine dates for reindeer span the interval from 45 ky -30 ky BP 29 . The mammoth fauna recovered from the Eurogeul shipping lane and the Yangtze harbour in the Rotterdam area, and especially its later part in the Dutch Yangtze Harbour study, has also been dated to the Weichselian glaciation 30 . The key questions are: What do these remains of the mammoth fauna represent? Are they from animals that died of natural causes -possibly in so-called 'mammoth cemeteries' -due to natural catastrophes, or were they the prey of prehistoric hunters? Why were they preserved? Unburied bones, including those of the order Proboscidea, i.e. elephants and mammoths that are left unburied on the ground, normally do not survive for long 31 .To what extent do these remains represent material associated with prehistoric settlements where their chances of preservation were significantly improved by, for instance, deposition in pits or other forms of burial? The ability of prehistoric hunter-gatherers to kill prehistoric elephants, including mammoths, has been questioned 32 . This aspect must therefore be investigated as a basis for further discussion.
Ethno-archaeological evidence for human hunting of Elephant/ Mammoth family
The ethnographic record demonstrates that hunter-gatherers are able to kill Proboscidea. The pygmies of the Congo and Cameroon jungle had no apparent problems in killing elephants with their fire-hardened wooden spears (in a few cases apparently tipped with poison) or sometimes with harpoons. These large animals were targeted in their soft underbellies, just behind the ribs, or had their Achilles tendons cut. The aim of the former was to puncture the animal's bladder. Wounds inflicted in this way would leave few traces on the skeleton, and they enabled a single hunter to kill an elephant. The animal would die within a couple of days of the attack, in many cases far away from where it had been speared 33 . Cutting an elephant's Achilles tendons required a group of four to five pygmy hunters, but was also an efficient hunting method, which left the elephant to die where it had been attacked. According to Waehle, the older pygmies in his study area were also acquainted with pygmy use of spear-falls and self-shot mechanisms, while the younger pygmies were not 34 (Waehle personal communication).
According to Schebesta, some Asian Semang (the Ple from Ulu Sengoh/Perak) apparently also hunted elephants for food using foot-traps or spear-falls, even though most of the groups in this area had a food taboo relating to the animals 35 . The Indian Kadar of Cochin trapped elephants for use as presents but did not eat their flesh because of a similar food taboo 36 .
All in all, it seems that hunting Proboscidea apparently posed no problems for either recent pygmy hunter-gatherers or a number of other cultural groups.
Archaeological evidence for human hunting of Elephant/Mammoth family
The body of archaeological evidence for human hunting of Proboscidea is presently increasing rather rapidly due to a new research focus on this theme. New mammoth sites with evidence for hunting have been found and old sites and finds have been re-examined, resulting in new observations and identifications of traces indicating hunting and butchering.
Associated hunting weapons and remains of Proboscidea that indicate hunting
A fire-hardened wooden (ebony) spear from the Upper Acheulian, found between the ribs of the skeleton of a straight-tusked elephant at Lehringen in Germany, demonstrates that, as has been pointed out by Jacob-Friesen and Movius, spear-hunting techniques like those of pygmy groups/tribes were practised during the Palaeolithic 37 . A clum- 33 -made, roughly-pointed artefact, fashioned from the split long bone of a deer, was found in the more or less articulated skeleton of an enormous forest elephant (calculated head height 4.2 m) that had partly sunk into the muddy shore sediments of a prehistoric lake at Neumark-Gröbern, Germany. Clearly associated with this skeleton were also 26 Palaeolithic flint flakes 38 . The authors doubt whether this irregular bone point would have been able to penetrate the 2-3 cm thick 'leather hide' of the elephant. However, it should be borne in mind that the animal's belly is much less well protected than the rest of its body, making this the ideal point of attack. The tip of what appears to have been a wooden spear of yew, not fire-hardened, was found at Clacton-on-Sea, in a Clactonian flint artefact context, in deposits containing faunal remains that included forest elephant (Elephas antiquus) 39 . An interesting note in Nature (1888) mentions the discovery near Southall, west of London, of a mammoth skeleton surrounded by flint artefacts, including hand axes:
Several implements were found in Norwood Lane, in close proximity to the remains, and a well-formed spear-head, nearly 5 inches in length, of exactly the same shape as the spear-heads of obsidian until recently in use among the natives of the Admiral Islands, and other savages, was discovered in actual contact with the bones; smaller spear-head flakes, less symmetrically worked, were also found at this spot. They are symmetrically formed for easy insertion into the shafts by thinning out the butt ends, similar to those found abundantly by the author at the workshop floor, Acton, and described by him in his recently published work, "Palaeolithic Man in North-West Middlesex" 40 .
Projectile impacts and butchering traces
The increasing number of records of spear, lance and other projectile points, or evidence of the impact of such weapons, found on prehistoric mammoth/elephant skeletons, demonstrates that Proboscidea were hunted by humans during the Palaeolithic. The YMAM site, near the Yana Palaeolithic Site (RHS), in Arctic Siberia, is an accumulation of mammoth bones representing a minimum of 31 individuals, over a period extending from 31,200 to 25,100 BP. Of the four projectile impacts recorded there, three had struck three right scapulae and the fourth -a pelvis 41 . At Kostienki I, dated to around 21,000 BP, a mammoth rib was found with a tip fragment from a flint point embedded in it 42 ; Sinitsyn A. A., Praslov N. D., Svezhentsev Yu. S., Sulerzhitskii L. D . Radiouglerodnaia khronologiia paleolita Vostochnoi Evropy // Radiouglerodnaia khronologiia paleolita Vostochnoi Evropy i Severnoi Azii. Problemy i perspektivy. St. Petersburg, 1997. P. 21-66. appears to have been a point with two slots for quartzite inserts 43 . In 2011, a concentration of faunal remains, including those of at least five mammoths, was found at the Orto-Stan site on the Buor-Khaya Peninsula, Siberia. Two well-preserved pelvic bones of mammoth showed clear projectile impacts and one of these had clear traces of the removal of the head of the femur with a chopping tool. In addition, a right innominate bone of a horse had distinct cutmarks made by a lithic tool. The three bones with impacts resulting from human activity are dated to 28, 080 BP 44 . By the Maksunuokha river in Siberia, the Nikita site consists of a redeposited concentration of faunal remains that includes at least 11 individuals. Several mammoth ribs show clear butchering marks, and some have lithic tool fragments embedded in them. The site has been radiocarbon dated to 12,050-11,960 BP and contains ivory debitage, spearhead preforms and actual lithic artefacts including teardrop bifaces 45 . On the Ilin-Syalakh river, in the Yana-Indighirka interfluve, a smaller concentration of mammoth remains, the ISYLAKI-034 site, includes several mammoth ribs with clear human impact traces that can be interpreted as either butchering marks or projectile impacts. A mammoth mandible from this site gave a date of 22, 700 BC 46 . At the Valea Morilor Palaeolithic site, Moldova, a mammoth ulna showed evidence of having been pierced by a pointed weapon 47 . At the Gontsy Palaeolithic site in the Ukraine, a bladelet was found lodged in a mammoth rib 48 . At the Manis Mastodons site, on Washington's Olympic Peninsula, a mastodon skeleton had a point made from a mastodon bone embedded in a 12th, 13th or (most likely) 14th rib; the point has been dated to 13,800 BP 49 .
Configurations of Proboscidea remains indicating butchering
Several Palaeolithic sites have also been found to contain varying concentrations of Proboscidea remains, where the configuration of these bones, their relation to human artefacts, or to bones of other hunted species, cutmarks, bone breakage patterns, the surface conditions and/or the sorting of various skeletal parts etc., strongly indicate that these assemblages represent hunted and butchered animals. Examples include: Dolní Vӗstonice I-II, Pavlov I and Milovice G and IV, the Czech Republic; Geissenklösterlee, Hohle Fels, Krems Wachtberg and the Neumark-Gröbern sites, Germany; Valea Morilor, the Republic of Moldova; the Maastricht-Belvédère Sites (B, C, G, N) and the Veldwezelt-Hezerwater sites (WFL, TL, MLMB), the Netherlands and Belgium; Krakow-Spadzista Street (B), Poland; Yudinovo (pavilion), Kostienki I and YMAM, Russia; Ambrona, Spain; Mezhirich and Gontsy, the Ukraine; La Sena and Lovewell, USA (Nebraska and Kansas) 50 .
Several concentrations of Proboscidea remains have been proclaimed so-called 'mammoth cemeteries' in the sense of 'natural death sites' where single individuals or herds of Proboscidea were caught in natural traps under circumstances that provided good conditions for the preservation of their remains. They are thought to have drowned while crossing rivers, lakes or swamps, to have been covered by falling/sliding earth, stone or other debris or to have fallen into 'permafrost wells' (pot holes, sink holes) that can form as part of subsoil ice veins in permafrost areas, or to have drowned in flash floods 51 .
In an attempt to distinguish between assemblages of mammoth/elephant remains resulting from hunting by humans and natural causes of death, Germonpré compares two archaeological sites likely to belong to the first category, Yudinovo ('pavilion' -complexes 3 and 4) and Krakow-Spadzista Street, with concentrations of remains as high as one individual per 1.4-1.9 m 2 , with two modern African natural death sites where densities are markedly lower, ranging from one elephant individual per 6-35 m 2 . The individuals found at the latter sites tend also to be significantly younger than those in the assemblages resulting from (presumed) human activities: At least 85 % of the individuals at the two African natural death sites were less than 12 years of age when they died, whereas the average age of the individuals from the archaeological sites was considerably greater 52 . Account should be taken of the fact that the two natural death sites in Africa were both in places where elephants tend to sink into the mire. Consequently, young, weaker individuals would be more exposed to danger than older, stronger ones. Natural death sites representing herds that were covered by landslides can, on the other hand, be expected to have a different age profile. However, distinguishing between different site types, based on the age-at-death profiles of the animals involved appears more complicated than stated by Klein. Moreover, in addition to the fact that different types of natural death sites must be expected to produce different age-at-death profiles, the potential coexistence of various well-established hunting strategies further complicates the matter. This is demonstrated by Bosch's study of five mammoth bone assemblages in cultural deposits at four archaeological sites in the Middle Danube region 53 . Detailed studies of the presence/absence of small foot bones, sorting of specific skeletal parts and the degradation of bone surfaces appear to yield more reliable information about which category a bone assemblage belongs to 54 .
The classic 'mammoth cemetery' in the North Yakutian locality of Berelekh was investigated extensively by Vereshchagin in 1970 Vereshchagin in -1972 . The excavation uncovered the remains of 140 mammoth individuals deposited in a palaeochannel. They are presumed to have died in small groups along the upper reaches of the proto-Berelekh river, killed either by winter blizzards or by drowning in spring or autumn when crossing the ice or by one or more flash-flood events. The use of 'powerful jets of water' in the excavation may have resulted in the loss of Palaeolithic artefacts. The recovery of only 39 tusks is taken to reflect that some tusks were salvaged from the site by Palaeolithic hunters. The central 1977. Vol. 72. P. 5-50; Vereshchagin N. K., Tomirdiaro S. V . Taphonomic research in permafrost regions: a survey of past and present studies in the former Soviet Union // Mammoths and the Mammoth Fauna: Studies of an Extinct Ecosystem. DEINSEA. 1999. Vol. 6. P. 187-198; Nikolskiy P. A., Basilyan A. E., Sulerzhitskya L. D., Pitulko V. V . 1982. Vol. 8, no. 2 (Spring, 19132) . P. 151-158. 54 Germonpré M., Sablin M., Khlopachev G. A., Grigorieva G. V. Possible evidence of mammoth hunting during the Epigravettian at Yudinovo, Russian Plain // Journal of Anthropological Archaeology. 2008. Vol. 27. P. 475-492. question here is whether the dating of the bone bed to the interval 13,700-11,900 years BP is matched by the local presence of hunters. The Palaeolithic cultural deposits recorded 150 m downstream from the bone bed are dated to c. 12,000-11,500 years BP. However, unstratified finds of bone artefacts found in the area have yielded dates of 11,800, 12,200 and 18,920 years BP respectively, indicating that human presence locally may not have been restricted to the period represented by the cultural deposits first recorded in the area 55 . The fact that natural disasters, such as those suggested by Vereshchagin, may have resulted in the deposition in a palaeochannel of concentrations of mammoth skeletons of this magnitude within such a restricted area is intriguing.
Another important and extensively investigated mammoth mass death site is that at Sevsk, on the central Russian Plain, 600 km south of Moscow, which was excavated in 1988-91. The site, which is interpreted as resulting from a number of mammoths being caught by landslides, consisted of two spatially-connected lenses of alluvial sand and clay, 20 m long, 6-7 m wide and 30-50 cm thick. The lower lens contained all the articulated skeletons from a minimum of 33 individuals, as well as sixteen pieces of worked flint directly associated with the concentration of bones, which show no cutmarks, while the upper lens only contained isolated bones 56 . The age and sex distribution of the materials resemble those of modern elephant family groups and is very similar to the situation at Berelekh. The presence of articulated skeletons and small foot bones is taken as indicating that these mammoths died in situ. The dating interval for the bones from the lower bone-bearing lens is quite narrow: c. 13,950 years BP, whereas a tusk from the upper bone-bearing lens has been dated to 13,680 years BP 57 . It seems strange, however, that a group of 33 mammoths, including quite a number of strong, adult individuals, could be caught and killed by a landslide that deposited little more than 30-50 cm of sand, at the most. The bottom of the lower sand lens, as presented in the published section, seems to show local pit/depression features related to the visible skeletons (Fig. 4) 58 . The dimensions of the lower lens, 6-7 × 20 m, correspond to c. 4 m 2 per mammoth individual. This is not much more than the area occupied by individual elephants pressed against each other and is very different from the spatial situations observed when screening a large number of photos of elephant herds where the animals are generally seen to be several metres apart. It is difficult to find scientific data on the maximum density of these herds. The minimum indoor space per elephant recommended by the Association of Zoos and Aquariums (AZA) is, however, 56 m 2 for males, 37 m 2 females and 56 m 2 for females with calves 59 . 55 1977. Vol. 72. P. 5-50. 56 Maschenko E. N., Gablina S. S., Tesakov A. S., Simakova A. N . The Sevsk woolly mammoth (Mammuthus primigenius) site in Russia: Taphonomic, biological and behavioral interpretations // Quaternary International. 2006. Vol. 142-143. P. 147-165, fig. 2B . 57 Ibid. Fig. 2B . 59 Associations of Zoos & Aquariums: AZA Standards for Elephant Management and Care. Approved March 2011. Fig. 4 . Vertical section through the excavation at Sevsk: 1 -Alluvial sand deposits underlying the bone-bearing lenticular layer; 2 -The lower bone-bearing lenticular layer, 30-50 cm thick, containing well-preserved bones, skeletons and skeletal fragments; 3 -The upper part of the bonebearing lenticular layer with isolated bones does not contain any complete skeletons or skeletal fragments; 4 -Deposits overlaying the bone-bearing layer [Maschenko, 2006, fig. 2B] A third possible "mammoth cemetery" is the north Siberian site of Achchagyi-Allaikha, located 125 km to the east of the Berelokh locality. The site was discovered in the early 1970s in the side of the Achchagyi-Allaikha channel. It was partially excavated in 1982, with further investigation in 2003-04. All the faunal remains recovered so far represent material redeposited from one or more layers located higher up in the channel side. The distribution of the material is restricted to a 30-40 m zone along the channel. The mammoth remains include small bones, but no intact tusks, complete skulls or lower jaws and only a few isolated teeth. This situation probably reflects the easy accessibility of the site, and extraction of tusks, teeth and occasionally also large bones is known to have taken place (at times through large-scale excavation) with the involvement of local people from the Chokurdal settlement located 20 km away. A MNI (minimum number of individuals) of 21 individuals from the most recent campaign may overlap to some degree with the MNI of 14 individuals recovered in the first excavation. In terms of age and gender, the remains recovered during the most recent campaign match the composition of family groups of modern elephants. The material is coeval with Berelekh, with radiocarbon dates covering the interval from 12,500 to 12,300 years BP. Even though a few stone tools (two bifaces and a flake) were found during the 1982 excavation, prehistoric human activity at the site is thought to have been restricted to scavenging for tusks. As for the cause of death of these mammoths, it is suggested that early spring flooding (possibly aggravated by ice drift) was responsible 60 . Again, it is rather difficult to understand how flooding could have led to the formation of such a small, spatially restricted concentration of bones.
It is worth noting that several Russian researchers have, in recent years, become increasingly accepting of the general idea of humans as central agents in the creation of mammoth bone concentrations 61 .
Based on evidence from the Gontsy site, Iakovleva et al. 62 describe the typical position of a mammoth-hunter base camp from the end of the Weichselian glaciation -around 15,000-14,000 BP -in the landscape, as well as the spatial 'modules' that appear to make up such sites. They are generally located on promontories bordered by ravines cut into the slopes of river valleys and generally consist of:
A. An area with mammoth-bone huts and associated pits (up to ten pits around each hut) and other related structures, separated by zones of working areas with hearths. B. Dump areas with remains of hearth debris and flint debitage. C. Butchering areas used specifically for small and medium-sized mammals (reindeer, carnivores and rodents) D. A mammoth 'bone bed' typically located in a palaeo-ravine not far from the other settlement modules. This can contain bones of other mammals, hearths and artefacts of bone and flint apparently reflecting exploitation of the bone bed.
The content of the latter shows an under-representation of the scapulae, pelvises, skulls, tusks, long bones and jaws typically found in mammoth-bone huts. It must of course be expected that other, less visible, types of site were employed by the same cultures responsible for these highly visible localities and that there was considerable variation over time in this site organisation pattern. What is interesting, however, is the concept of a separate bone bed being an integral part of these massive settlements, serving as a storage facility for larger, more or less articulated, parts of mammoths (reflected in the presence of ribs, vertebrae and distal leg bones). The meat was for consumption and the extremely fat-rich Proboscidea bones were used for fuel -a widely recognised practice in the mammoth-hunter cultures of the last glaciation 63 .
Even in an Arctic climate, the bodies of larger animals left unprotected on the surface must be assumed to have become unsuitable for human consumption within a few days, as a result of chemical-bacterial degradation, in addition to the more useful parts being removed by scavengers 64 . In general, the actual bones would disappear rather quickly due to the actions and effects of rodents, fungi, sun and rain. Even a relatively rapid loess deposition of several centimetres per year, forming 'dunes' around the dead bodies, as suggested by Vereshchagin, is unlikely to have preserved the skeletons 65 .
The assumption is that these bone beds, in many cases representing permafrost-based meat stores in the vicinity of base camps, containing large chunks of Proboscidea meat deposited in palaeo-ravines and palaeochannels and covered by insulating sediment, combined with burning of the bones following subsequent processing and consumption of this meat, can explain the good preservation of the material, as well as the very restricted appearance of cutmarks on the large quantities of preserved Proboscidea bones. In this respect, it is interesting that the ravine containing the bone bed at Gontsy was apparently rapidly filled with up to 75 cm of sand and silt. The absence of evidence of gnawing by carnivores or weathering indicates that its contents were not left exposed to the open air 66 . This may not be a natural but a cultural phenomenon.
The bone beds at Dolní Vӗstonice I and II showed some degree of sorting of articulated rib elements, vertebrae and groups of carpals/tarsals, whereas in the bone bed at Gontsy these skeletal elements in some cases appeared in 'anatomical groups', interpreted as representing parts of individual animals 67 . These observations support the interpretation of the bone beds as storage facilities.
The Sevsk bone bed, which includes ribs, vertebrae and carpals/tarsals, as well as skulls and tusks that do not normally appear in settlement bone beds, could hypothetically represent a storage facility for entire mammoth individuals.
Back to the North Sea -discussion
The above discussion demonstrates the massive extent of human hunting of Proboscidea during the Late Weichselian glaciation and suggests that a major proportion of the preserved bones and tusks from these animals may owe its preservation to artificial deposition in permafrost-based storage facilities or use as structural materials for dwellings and other constructions. For example, at Kostienki I, the tusks used to support the roofs over the dwelling pits were, following their collapse, protected by the fill within these pits 68 .
In a discussion of the actual significance and origin of the abundant mammoth remains recovered from the Danish, German, British and Dutch North Sea sectors, the possibility that a significant proportion of these represent bones and tusks preserved because they were associated with settlements and/or kill-site storage facilities, based on an updated understanding of land-based Eurasian mammoth and mammoth-hunter sites, seems much more plausible than hitherto assumed. In principle, the majority of the Proboscidea remains trawled up from the North Sea may represent human settlement material.
A general problem that apparently prevents proper archaeological interpretation of the mammoth faunal remains from the North Sea, as well as a large proportion of the east-ern "Mammoth-cemeteries", is that they have long been regarded primarily as zoological phenomena. Their full archaeological potential has only recently begun to become clear.
Many modern elephant populations are known to embark on seasonal or periodic long-distance migrations within their 'home ranges' . The home range of a population extends over an area of about 1000 to 9000 km 2 and is often centred on a significant river or lake basin. A rough estimate of the size of similar home-range populations in an undisturbed 'pre-agricultural' environment is of the order of 500 animals. Movement is in herds of varying size, from a few individuals to several hundred animals, organised in a hierarchy of families, bond groups and clans 69 . Isotope studies indicate that prehistoric elephant species also exhibited migratory behaviour 70 , most likely of the same kind as today's elephants.
The fact that no classic mammoth-hunter camps have so far been identified in Scandinavia may well be due to these being located on the major prehistoric rivers here, which are today all found below sea level.
Scandinavia's now submerged North Sea coastal zones and hinterlands of glacial and other colder periods may well represent an important research potential with respect to both local cultural developments and the environmental settings in which these took place. It is important to bear in mind that we should not only be aware of the potential for submerged settlements from the Weichselian glaciation, but also from earlier glacial periods. The immediate expectation is, however, that it may be possible to obtain information on actual tangible submerged mammoth hunter sites dating from the later Weichselian period, which are located in the southern part of the Scandinavian North Sea sector, where mammoth fauna remains, including parts of Proboscidea, are known to have been found.
In order to enter this field of research in a meaningful way, we need new and cost-effective methodologies for the mapping, management and investigation of submerged Stone Age landscapes as alternatives to our present relatively inefficient early-phase approaches that are mainly based on topographical modelling which ignores the significant dynamics of the vegetation and fauna 71 .
Before the first systematic excavations in Baltic waters documented well-preserved submerged Mesolithic settlement surfaces and associated waste accumulations 72 , there was a robust and widespread view that no settlement deposits could have survived the wave action inherent in marine transgressions. Large areas will of course have been damaged by erosion, for example the central parts of many sounds and belts, but this is not necessarily the general case. Even though the North Sea is more dynamic than the Baltic, we must also expect preserved pockets to be here, in locations protected by bathymetric features. Many of the faunal remains that have been fished up are so well preserved that it is obvious they have not been exposed to dynamic sediment processes.
